
Environmental Consequences of Repository Construction, Operation and Monitoring, and Closure

4-iii

TABLE OF CONTENTS
Section Page
4. Environmental Consequences of Repository Construction, Operation and Monitoring,

and Closure ........................................................................................................................................ 4-1

4.1 Short-Term Environmental Impacts of Performance Confirmation, Construction,
Operation and Monitoring, and Closure of a Repository .......................................................... 4-1

4.1.1 Impacts to Land Use and Ownership ................................................................................... 4-4
4.1.1.1 Impacts to Land Use and Ownership During Preconstruction Testing and

Performance Confirmation and from Land Withdrawal ............................................... 4-5
4.1.1.2 Impacts to Land Use and Ownership from Construction, Operation and

Monitoring, and Closure ............................................................................................... 4-6
4.1.2 Impacts to Air Quality .......................................................................................................... 4-6

4.1.2.1 Impacts to Air Quality from Preconstruction Testing and Performance
Confirmation ................................................................................................................. 4-7

4.1.2.2 Impacts to Air Quality from Construction .................................................................... 4-7
4.1.2.2.1 Nonradiological Impacts to Air Quality from Construction .................................. 4-7
4.1.2.2.2 Radiological Impacts to Air Quality from Construction ....................................... 4-9

4.1.2.3 Impacts to Air Quality from Operation and Monitoring ............................................. 4-10
4.1.2.3.1 Nonradiological Impacts to Air Quality from Operation and Monitoring .......... 4-11
4.1.2.3.2 Radiological Impacts to Air Quality from Operation and Monitoring ................ 4-13

4.1.2.4 Impacts to Air Quality from Closure .......................................................................... 4-16
4.1.2.4.1 Nonradiological Impacts to Air Quality from Closure ........................................ 4-16
4.1.2.4.2 Radiological Impacts to Air Quality from Closure ............................................. 4-17

4.1.2.5 Total Impacts to Air Quality from All Phases ............................................................ 4-18
4.1.3 Impacts to Hydrology ......................................................................................................... 4-19

4.1.3.1  Impacts to Hydrology from Preconstruction Testing and Performance
Confirmation ............................................................................................................... 4-20

4.1.3.2 Impacts to Surface Water from Construction, Operation and Monitoring,
and Closure ................................................................................................................. 4-20

4.1.3.3 Impacts to Groundwater from Construction, Operation and Monitoring, and
Closure ........................................................................................................................ 4-25

4.1.4 Impacts to Biological Resources and Soils ........................................................................ 4-31
4.1.4.1 Impacts to Biological Resources and Soils from Preconstruction Testing and

Performance Confirmation ......................................................................................... 4-32
4.1.4.2 Impacts to Biological Resources from Construction, Operation and

Monitoring, and Closure ............................................................................................. 4-32
4.1.4.3 Evaluation of Severity of Impacts to Biological Resources ....................................... 4-37
4.1.4.4 Impacts to Soils from Construction, Operation and Monitoring, and Closure ........... 4-38

4.1.5 Impacts to Cultural Resources............................................................................................ 4-39
4.1.5.1 Impacts to Cultural Resources from Preconstruction Testing and

Performance Confirmation ......................................................................................... 4-39
4.1.5.2 Impacts to Cultural Resources from Construction, Operation and

Monitoring, and Closure ............................................................................................. 4-40
4.1.6 Socioeconomic Impacts ...................................................................................................... 4-41

4.1.6.1 Socioeconomic Impacts from Preconstruction Testing and Performance
Confirmation ............................................................................................................... 4-42

4.1.6.2 Socioeconomic Impacts from Construction, Operation and Monitoring, and
Closure ........................................................................................................................ 4-42



Environmental Consequences of Repository Construction, Operation and Monitoring, and Closure

4-iv

Section Page
4.1.6.2.1 Impacts to Employment ....................................................................................... 4-42
4.1.6.2.2 Impacts to Population .......................................................................................... 4-45
4.1.6.2.3 Impacts to Economic Measures ........................................................................... 4-46
4.1.6.2.4 Impacts to Housing .............................................................................................. 4-46
4.1.6.2.5 Impacts to Public Services ................................................................................... 4-48

4.1.6.3 Summary of Socioeconomic Impacts ......................................................................... 4-48
4.1.7 Occupational and Public Health and Safety Impacts ......................................................... 4-48

4.1.7.1 Impacts to Occupational and Public Health and Safety from Preconstruction
Testing and Performance Confirmation ...................................................................... 4-49

4.1.7.2 Impacts to Occupational and Public Health and Safety from Initial
Construction ................................................................................................................ 4-49

4.1.7.2.1 Occupational Health and Safety Impacts ............................................................ 4-50
4.1.7.2.2 Public Health Impacts .......................................................................................... 4-52

4.1.7.3 Occupational and Public Health and Safety Impacts from Operation and
Monitoring .................................................................................................................. 4-53

4.1.7.3.1 Operations Period – Handling, Emplacement, and Continuing
Development ........................................................................................................ 4-53

4.1.7.3.2 Monitoring Period ............................................................................................... 4-56
4.1.7.4 Impacts to Occupational and Public Health and Safety from Closure ....................... 4-58

4.1.7.4.1 Occupational Impacts .......................................................................................... 4-59
4.1.7.4.2 Public Health Impacts .......................................................................................... 4-59

4.1.7.5 Total Impacts to Occupational and Public Health and Safety for All Phases ............. 4-61
4.1.7.5.1 Total Impacts to Workers from Industrial Hazards for All Phases ...................... 4-61
4.1.7.5.2 Total Radiological Health Impacts to Workers for All Phases ............................ 4-61
4.1.7.5.3 Total Radiological Health Impacts to the Public for All Phases ......................... 4-62

4.1.8 Accident Scenario Impacts ................................................................................................. 4-63
4.1.8.1 Radiological Accidents ............................................................................................... 4-64
4.1.8.2 Nonradiological Accidents ......................................................................................... 4-68
4.1.8.3 Sabotage ...................................................................................................................... 4-68

4.1.9 Noise Impacts ..................................................................................................................... 4-69
4.1.9.1 Noise Impacts from Performance Confirmation ......................................................... 4-70
4.1.9.2 Noise Impacts from Construction, Operation and Monitoring, and Closure .............. 4-70

4.1.10 Aesthetic Impacts ............................................................................................................... 4-71
4.1.11 Impacts to Utilities, Energy, Materials, and Site Services ................................................. 4-72

4.1.11.1 Impacts to Utilities, Energy, Materials, and Site Services from
Preconstruction Testing and Performance Confirmation ............................................ 4-72

4.1.11.2 Impacts to Utilities, Energy, Materials, and Site Services from Construction,
Operation and Monitoring, and Closure ..................................................................... 4-72

4.1.12 Management of Repository-Generated Waste and Hazardous Materials ........................... 4-78
4.1.12.1 Waste and Materials Impacts from Preconstruction Testing and Performance

Confirmation ............................................................................................................... 4-79
4.1.12.2 Waste and Materials Impacts from Construction, Operation and Monitoring,

and Closure ................................................................................................................. 4-80
4.1.12.3 Impacts from Hazardous Materials ............................................................................. 4-84
4.1.12.4 Waste Minimization and Pollution Prevention ........................................................... 4-85

4.1.13 Environmental Justice ........................................................................................................ 4-85
4.1.13.1 Methodology and Approach ....................................................................................... 4-86



Environmental Consequences of Repository Construction, Operation and Monitoring, and Closure

4-v

Section Page
4.1.13.2 Preconstruction Testing and Performance Confirmation, Construction,

Operation and Monitoring, and Closure ..................................................................... 4-87
4.1.13.3 Environmental Justice Impact Analysis Results ......................................................... 4-88
4.1.13.4 A Native American Perspective .................................................................................. 4-88

4.1.14 Impacts of Repository Operating Modes ........................................................................... 4-90
4.1.15 Impacts from Manufacturing Repository Components ...................................................... 4-91

4.1.15.1 Overview ..................................................................................................................... 4-91
4.1.15.2 Components and Production Schedule ....................................................................... 4-92
4.1.15.3 Components ................................................................................................................ 4-93
4.1.15.4 Existing Environmental Settings at Manufacturing Facilities .................................... 4-94
4.1.15.5 Environmental Impacts ............................................................................................... 4-96

4.1.15.5.1 Air Quality ........................................................................................................... 4-96
4.1.15.5.2 Health and Safety ................................................................................................ 4-98
4.1.15.5.3 Socioeconomics ................................................................................................... 4-98
4.1.15.5.4 Impacts on Material Use .................................................................................... 4-100
4.1.15.5.5 Impacts of Waste Generation ............................................................................. 4-102
4.1.15.5.6 Environmental Justice ....................................................................................... 4-104

4.2 Short-Term Environmental Impacts from the Implementation of a Retrieval
Contingency or Receipt Prior to the Start of Emplacement .................................................. 4-105

4.2.1 Impacts from Retrieval Contingency ............................................................................... 4-105
4.2.1.1 Retrieval Activities ................................................................................................... 4-105
4.2.1.2 Impacts of Retrieval .................................................................................................. 4-106

4.2.1.2.1 Impacts to Land Use and Ownership from Retrieval ........................................ 4-106
4.2.1.2.2 Impacts to Air Quality from Retrieval ............................................................... 4-108
4.2.1.2.3 Impacts to Hydrological Resources from Retrieval .......................................... 4-109
4.2.1.2.4 Impacts to Biological Resources and Soils ....................................................... 4-111
4.2.1.2.5 Impacts to Cultural Resources from Retrieval .................................................. 4-112
4.2.1.2.6 Impacts to Socioeconomics from Retrieval ....................................................... 4-112
4.2.1.2.7 Occupational and Public Health and Safety Impacts from Retrieval ................ 4-112
4.2.1.2.8 Impacts from Accidents During Retrieval ......................................................... 4-114
4.2.1.2.9 Noise Impacts from Retrieval ............................................................................ 4-115
4.2.1.2.10 Aesthetic Impacts from Retrieval ...................................................................... 4-115
4.2.1.2.11 Impacts to Utilities, Energy, Materials, and Site Services from

Retrieval ............................................................................................................ 4-115
4.2.1.2.12 Impacts to Waste Management from Retrieval ................................................. 4-116
4.2.1.2.13 Impacts to Environmental Justice from Retrieval ............................................. 4-116

4.2.2 Impacts from Receipt Prior to the Start of Emplacement ................................................ 4-116

References ............................................................................................................................................. 4-117

LIST OF TABLES
Table Page
4-1 Maximum construction phase concentrations of criteria pollutants and cristobalite at

the land withdrawal area boundary .............................................................................................. 4-8
4-2 Radiation doses to maximally exposed individuals and populations during initial

construction phase ...................................................................................................................... 4-10



Environmental Consequences of Repository Construction, Operation and Monitoring, and Closure

4-vi

Table Page
4-3 Maximum criteria pollutant and cristobalite concentrations at the land withdrawal

area boundary during the operation and monitoring phase ........................................................ 4-12
4-4 Radiation doses for maximally exposed individuals and populations during the

operations period ........................................................................................................................ 4-14
4-5 Radiation doses to maximally exposed individuals and populations during the

monitoring period ....................................................................................................................... 4-16
4-6 Maximum criteria pollutant and cristobalite concentrations at the land withdrawal

area boundary during closure phase ........................................................................................... 4-17
4-7 Radiation doses to maximally exposed individuals and populations from radon-222

releases from the subsurface during closure phase .................................................................... 4-18
4-8 Total radiation doses to exposed individuals and populations for all phases ............................. 4-19
4-9 Annual water discharges to South Portal evaporation pond....................................................... 4-22
4-10 Annual water discharges to North Portal evaporation pond during operations period .............. 4-22
4-11 Annual water demand for construction, operation and monitoring, and closure ....................... 4-27
4-12 Land cover types in the land withdrawal area and the amount of each that repository

construction and disposal of excavated rock would disturb ....................................................... 4-33
4-13 Impacts to biological resources .................................................................................................. 4-37
4-14 Expected peak year (2006) increase in construction employment by place of residence

in selected communities in Nye and Clark Counties .................................................................. 4-43
4-15 Repository direct employment during construction phase by expected county of

residence:  2005 to 2009 ............................................................................................................. 4-43
4-16 Expected peak year (2012) increases in operations period employment in selected

communities in Clark and Nye Counties .................................................................................... 4-45
4-17 Repository direct employment during operations period and decontamination

activities by county of residence:  2010 to 2035 ........................................................................ 4-45
4-18 Maximum expected population increase from Proposed Action (2030) .................................... 4-46
4-19 Increases in economic measures within the region of influence from repository

construction:  2005 to 2009 ........................................................................................................ 4-47
4-20 Increases in economic measures within the region of influence from emplacement

and development activities:  2010 to 2033 ................................................................................. 4-47
4-21 Impacts to workers from industrial hazards during initial construction phase .......................... 4-50
4-22 Radiation dose and radiological health impacts to workers during the initial

construction phase ...................................................................................................................... 4-52
4-23 Radiation doses and radiological health impacts to the public during the initial

construction phase ...................................................................................................................... 4-53
4-24 Impacts to workers from industrial hazards during the operations period ................................. 4-54
4-25 Radiation dose and radiological health impacts to workers during the operations

period .......................................................................................................................................... 4-55
4-26 Radiation doses and radiological health impacts to the public during the operations

period .......................................................................................................................................... 4-56
4-27 Impacts to workers from industrial hazards during the monitoring period ................................ 4-57
4-28 Radiation dose and radiological health impacts to workers during the monitoring

period .......................................................................................................................................... 4-57
4-29 Radiation doses and radiological health impacts to the public during the monitoring

period .......................................................................................................................................... 4-58
4-30 Impacts to workers from industrial hazards during the closure phase ....................................... 4-59
4-31 Radiation dose and radiological health impacts to workers during closure phase ..................... 4-60
4-32 Radiation dose and radiological health impacts to public for the closure phase ....................... 4-60



Environmental Consequences of Repository Construction, Operation and Monitoring, and Closure

4-vii

Table Page
4-33 Total impacts to workers from industrial hazards for all phases ................................................ 4-61
4-34 Total radiation dose and radiological health impacts to workers for all phases......................... 4-62
4-35 Total dose and radiological impacts to the public for all phases................................................ 4-63
4-36 Radiological consequences of repository operations accident scenarios for median

(50th-percentile) meteorological conditions .............................................................................. 4-66
4-37 Radiological consequences of repository operations accident scenarios for

unfavorable (95th-percentile) meteorological conditions .......................................................... 4-67
4-38 Electricity and fossil-fuel use for the Proposed Action.............................................................. 4-73
4-39 Construction material use for the Proposed Action ................................................................... 4-74
4-40 Waste quantities generated during the construction phase ......................................................... 4-80
4-41 Waste quantities generated during the operation and monitoring phase .................................... 4-81
4-42 Waste quantities generated during the closure phase ................................................................. 4-83
4-43 Total waste quantities generated for all phases .......................................................................... 4-84
4-44 Total recyclable material quantities generated for all phases ..................................................... 4-85
4-45 Quantities of offsite-manufactured components for the Yucca Mountain Repository ............... 4-92
4-46 Ozone-related air emissions at the representative manufacturing

location ....................................................................................................................................... 4-97
4-47 Occupational injuries, illness, and fatalities at the representative manufacturing

location ....................................................................................................................................... 4-98
4-48 Economic multipliers for fabricated metal products .................................................................. 4-99
4-49 Socioeconomic impacts for operating modes and packaging scenarios at the

representative manufacturing location ..................................................................................... 4-100
4-50 Material use .............................................................................................................................. 4-101
4-51 Annual amount of material required for manufacturing, expressed as a percent of

annual U.S domestic production .............................................................................................. 4-101
4-52 Annual average waste generated at the representative manufacturing location ....................... 4-103
4-53 Criteria pollutant impacts to public maximally exposed individual from retrieval ................. 4-109
4-54 Estimated radiation doses to maximally exposed individuals and populations from

subsurface radon-222 releases during the retrieval period ....................................................... 4-110
4-55 Health and safety impacts from industrial hazards from retrieval construction,

operations, and overall impacts ................................................................................................ 4-113
4-56 Radiological health impacts to workers from retrieval operations .......................................... 4-114
4-57 Radiological health impacts to the public for the retrieval period ........................................... 4-114
4-58 Utilities, energy, and materials for retrieval ............................................................................. 4-116

LIST OF FIGURES
Figure Page
4-1 Monitored geologic repository range of milestones used for analysis ......................................... 4-2
4-2 Increases in regional composite employment by place of residence during

construction phase ...................................................................................................................... 4-43
4-3 Changes in regional employment from operations period and decontamination

activities ...................................................................................................................................... 4-44
4-4 Regional population increases from construction and operations:  2005 to 2035 ..................... 4-46
4-5 Location of the Waste Retrieval and Storage Area in relation to the North Portal

Operations Area ........................................................................................................................ 4-107
4-6 Typical concrete storage module design, vertical view ............................................................ 4-108




